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ABSTRACT 
 
 
 
 
This paper shows a detailed study to observe the efficiency of banana peel 
and orange peel as a low cost adsorbent to remove phenol from aqueous solution. 
The banana and orange peel were used as biomass and obtained locally. The biomass 
initially was pre-treat into small particle and dried at 60
o
C for 48 hours. There were 
three parameters studied in this paper which was the effect of adsorption time, effect 
of adsorbent dosage and effect of pH. From the experiment, it was found that the 
optimum adsorption time for banana peel as adsorbent was 240 minutes which equal 
to 4 hours; the optimum adsorbent dosage was 0.5g based on the higher adsorption 
capacity per unit mass of adsorbent and the optimum pH was in basic condition with 
pH 9 to 11. At this optimum condition, the phenol uptake was increase. As for 
orange peel, the maximum percentage of phenol removal was 24% at condition of 
initial concentration was 100mg/L; adsorption time was 240 minutes; adsorbent 
dosage was 0.5g and pH of solution is 11. The phenol uptake was analyzed using 
UV-Visible spectrophotometer. From the result, it was proven that banana peel and 
orange peel can be one type of low cost adsorbent but it also shows that banana peel 
was better in phenol removal compared to orange peel and this method can be 
applied in industrial wastewater. 
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ABSTRAK 
 
 
 
 
 Kajian ini menunjukkan tentang kajian lanjut untuk mengkaji keupayaan kulit 
pisang dan kulit oren sebagai salah satu penjerap harga rendah untuk menyingkirkan 
fenol dari larutan akues. Kulit pisang dan oren digunakan sebagai biojisim dan 
didapati di kawasan tempatan. Biojisim pada mulanya di pra-rawat kepada zarah 
yang kecil dan dikeringkan pada suhu 60
o
C selama 48 jam. Terdapat tiga faktor 
penghad yang dikaji iaitu kesan masa penjerapan, kesan jumlah dos penjerap dan 
kesan pH. Daripada eksperimen yang dijalankan, telah didapati masa penjeraban 
terbaik untuk kulit pisang sebagai penjerap ialah 240 minit dimana bersamaan 
dengan 4 jam; dos penjerap terbaik ialah 0.5g berdasarkan kepada kapasiti 
penjerapan tertinggi setiap jisim penjerab dan pH terbaik ialah pada keadaan alkali 
dengan pH antara 9 hingga 11. Pada keadaan terbaik ini, kadar penyingkiran fenol 
meningkat. Untuk kulit oren sebagai penjerap, persen maksimum untuk penyingkiran 
fenol adalah sebanyak 24% pada keadaan kepekatan awal ialah 100mg/L; masa 
penjerapan ialah 240 minit; dos penjerap ialah 0.5g dan pH larutan ialah 11. 
Daripada hasil ujikaji, telah terbukti bahawa kulit pisang and kulit oren boleh 
menjadi salah satu jenis penjerap harga rendah tetapi ia juga menunjukkan bahawa 
kulit pisang adalah lebih baik untuk penyingkiran fenol berbanding dengan kulit 
pisang dan kaedah ini boleh diaplikasikan pada air buangan industri. 
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APPENDIX A 
 
 
 
 
EXPERIMENTAL RESULT 
 
 
 
 
Table A.1: Effect of adsorption time for banana peel 
 
Time (min) Abs x DF Ce (mg/L) % ads qe (mg/g) 
0 0 100 0 0 
10 9.44 98.37 1.63 0.652 
20 9.38 97.73 2.27 0.908 
30 8.62 89.64 10.36 4.144 
40 8.24 85.6 14.4 5.76 
50 7.88 81.77 18.23 7.292 
60 7.22 74.75 25.25 10.1 
90 6.1 62.84 37.16 14.864 
120 5.6 57.52 42.48 16.992 
150 5.16 52.84 47.16 18.864 
180 2.5 24.54 75.46 30.184 
210 1.88 17.94 82.06 32.824 
240 0.74 5.816 94.184 37.6736 
300 0.72 5.603 94.397 37.7588 
360 0.78 6.24 93.76 37.504 
720 0.82 6.67 93.33 37.332 
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Figure A.1: Graph of percentage phenol removal versus adsorption time by 
using banana peel as adsorbent 
 
 
 
 
Figure A.2: Graph of adsorption capacity per unit mass of adsorbent versus 
adsorption time by using banana peel as adsorbent 
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Table A.2: Effect of adsorption time for orange peel 
 
 
Time (min) Abs x DF Ce (mg/L) % ads qe (mg/g) 
0 0 100 0 0 
10 9.38 97.73 2.27 0.908 
20 9.42 98.156 1.844 0.7376 
30 9.16 95.39 4.61 1.844 
40 9.06 94.33 5.67 2.268 
50 9.10 94.75 5.25 2.1 
60 8.86 92.189 7.811 3.1244 
90 8.58 89.22 10.78 4.312 
120 8.4 87.305 12.695 5.078 
150 7.94 82.412 17.588 7.0352 
180 8.18 84.965 15.035 6.014 
210 8.1 84.114 15.886 6.3544 
240 7.86 81.56 18.44 7.376 
300 7.72 80.07 19.93 7.972 
360 7.78 80.71 19.29 7.716 
720 7.72 80.07 19.93 7.972 
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Figure A.3: Graph of percentage phenol removal versus adsorption time by 
using orange peel as adsorbent 
 
 
 
 
Figure A.4: Graph of adsorption capacity per unit mass of adsorbent versus 
adsorption time by using orange peel as adsorbent 
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Table A.3: Effect of adsorbent dosage for banana peel 
 
Adsorbent 
dosage (g) 
 
Abs x DF Ce (mg/L) 
 
%ads 
 
qe (mg/g) 
0 0 100 0 0 
0.2 8.65 90.007 9.993 9.993 
0.4 7.47 77.454 22.546 11.273 
0.6 6.64 68.582 31.418 10.472 
0.8 6.52 67.305 32.695 8.173 
1 6.42 66.2415 33.7585 6.757 
2 5.00 51.135 48.865 4.8865 
3 4.142 42.0074 57.9925 3.8662 
4 2.166 20.986 79.014 3.9507 
5 1.268 11.433 88.567 3.5427 
 
 
Table A.4: Effect of adsorbent dosage for orange peel 
 
Adsorbent 
dosage (g) 
 
Abs x DF Ce (mg/L) 
 
%ads 
 
qe (mg/g) 
0 0 100 0 0 
0.2 7.26 75.17 24.83 9.932 
0.4 7.36 76.24 23.76 9.054 
0.6 7.82 81.135 18.865 7.546 
0.8 8.14 84.539 15.4606 6.18424 
1 8.68 90.284 9.716 3.8864 
2 9.36 97.518 2.482 0.9928 
3 9.78 101.986 0 0 
4 10.42 108.795 0 0 
5 12.62 132.199 0 0 
 
 
53 
 
Table A.5: Effect of pH for banana peel 
 
pH 
 
Abs x DF Ce (mg/L) 
 
%ads 
 
qe (mg/g) 
3 8.68 90.284 9.716 3.8864 
5 8.04 83.475 16.525 6.61 
7 7.00 74.4117 27.5883 11.03532 
9 5.54 56.8798 43.1202 17.24808 
11 4.22 42.837 57.163 22.865 
 
 
Table A.6: Effect of pH for orange peel 
 
pH 
 
Abs x DF Ce (mg/L) 
 
%ads 
 
qe (mg/g) 
3 10.12 105.603 0 0 
5 8.78 91.348 8.652 3.4608 
7 8.08 83.901 16.099 6.4396 
9 7.82 81.135 18.865 7.546 
11 7.34 76.029 23.971 9.5884 
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Figure A.5: FTIR analysis for functional group in banana peel 
 
 
Figure A.6: FTIR analysis for functional group in orange peel 
CHAPTER ONE 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Nowadays, phenols are widely used for the commercial production of a wide 
variety of resins, including phenolic resins, which are used as construction materials 
for automobiles and appliances, epoxy resins and adhesives, and polyamide for 
various applications (B. Ozkaya et. al., 2006). Phenol, a derivative of benzene, is an 
important raw material and/or product of chemical and allied industries (i.e., 
petrochemicals, oil refineries, plastics, leather, paint, pharmaceutical, steel industries, 
and pesticides) (V. C.Srivastava et. al., 2006), These compounds are common 
contaminants in wastewater and suspected as toxic and carcinogenic. Therefore, the 
U.S. Environmental Protection Agency (Washington,D.C.) (U.S. EPA) has listed 
phenol and phenolic compounds on the list of priority pollutant which take 11
th
 place 
in the list of 129 chemicals (U. S. EPA, 1987). Chronic toxic effects resulting from 
phenols reported in humans include vomiting, difficulty in swallowing, anorexia, 
liver and kidney damage, headaches, fainting, and other mental disturbances. Phenol 
toxicity and difficult biodegradability removal has led to the setting up of rigid limits 
on the acceptable level of phenol in the environment. While the Ministry of 
Environment and Forests of New Delhi, India has set a maximum concentration level 
of 1.0 mg/L of phenol in industrial effluents for safe discharge to surface waters, the
2 
 
 World Health Organization (WHO) recommends the permissible phenolic 
concentration of 0.001 mg/L in potable waters (World Health Organization, 1963).  
 
 
Various treatment technologies for the removal of phenol from wastewater 
are available such as adsorption (A. A. M. Daifullah, et. al., 1998), photodegradation 
(C. Wu,  et. al., 2001) flocculation (T. A. Ozbelge, et. al., 2002), chemical oxidation 
(V. Kavita, et. al., 2004), biological process (K. Karim, et. al., 2001) , etc. Biological 
process is particularly suited to wastewater containing small amount of phenol. 
Oxidation is used when phenol concentration in wastewater is very high. In 
coagulation and flocculation process, large amount of sludge is generated which may 
cause disposal problems. Among them, adsorption method is considered to be the 
best, effective, low cost and most frequently used method for removal of phenol from 
wastewater (P. K. Asthana, et. al., 1994). Many types of sorbents based on low cost 
and naturally occurring adsorbents had been used such as wheat straw (T. Robinson, 
et. al., 2002), sawdust (V.K. Garg, et. al., 2004), wheat shells (Y. Bulut, et. al., 
2007,) wheat bran (M. T Sulak, et. al., 2006), and hen feathers (A. Mittal, et. al., 
2007). Banana peel and orange peel are one type of low cost agricultural by-
products. It is useful as a medium or adsorbent to remove phenol and phenolic 
compounds in wastewater which are high toxicity and can affect our environment. 
 
 
In this study, the adsorption of phenol using banana peel and orange waste 
was investigated due to easily available in large quantities and low cost agricultural 
waste residue which could represent as an economically source of biosorbent for 
removal of phenol in wastewater. 
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1.2 Problem statement 
 
 
Phenolic compounds which contain high amount of phenol are generated 
from petroleum and petrochemical, coal conversion and phenol-producing industries, 
are common contaminants in wastewater and suspected as toxic and carcinogenic (A. 
I Mustafa, et. al., 2008). Therefore, it is considered necessary to remove phenol from 
industrial effluents before it can be discharged to the environment. Many methods 
can be used to remove this compound from wastewater but the most effective, 
frequently used and valuable method is adsorption. 
 
 
Adsorption is a well-known equilibrium separation process and an effective 
method for water decontamination applications. Adsorption has been found to be 
advanced to other techniques for water reuse in terms of initial cost, flexibility and 
simplicity of design and operation also insensitivity to toxic pollutants (Z. Aksu, et. 
al., 2001). The most popular and widely used adsorbent material for this treatment is 
activated carbon (A. Dabrowski, et. al., 2005). However, due to high initial cost and 
the need for a costly regeneration system make the activated carbon less 
economically feasible as excellent adsorbent (O. Aktas, et. al., 2007). Therefore, 
adsorbent based on low cost agriculture by-products are being use as an alternative 
adsorbents that have been tested broadly. 
 
 
Banana peel and orange waste is one type of low cost agriculture by-products 
adsorbent for removal of phenol in wastewater that has been studied previously. This 
source for adsorbent is an abundant and low cost agricultural waste residue and is 
easily available in large quantities (M. Achak, et. al., 2009). This is the mainly 
reason why banana peel is the lowest cost adsorbent that has been considered before.  
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1.3 Objective 
 
 
The purpose of doing this study is to achieve the objective which is to study 
the efficiency of banana peel and orange waste as a low cost adsorbent and also to 
study the comparison of the adsorbents in adsorption of phenol from aqueous 
solution.  
 
 
1.4 Scope of study 
 
 
In order to achieve the objectives if this experiment, three types of parameters 
has been identified which is effect in adsorption time, adsorbent dosage, and pH of 
solution. 
 
 
1.5 Rational and significance 
 
 
The removal of phenol from wastewater is necessary due to environmental 
problems and cancer risks. This study can ensure the best method to remove phenol 
and also to show that banana peel and orange waste can be low cost adsorbents based 
on economical reasons availability of agricultural waste. 
APPENDIX B 
 
 
 
 
CALCULATION 
 
 
 
 
1. Calculation for adsorbent amount. 
 
0.1% w/v = 0.1/100 (200ml) 
      = 0.2g 
 
0.2% w/v = 0.2/100 (200ml) 
      = 0.4g 
 
0.3% w/v = 0.3/100 (200ml) 
      = 0.6g 
 
0.4% w/v = 0.4/100 (200ml) 
      = 0.8g 
 
0.5% w/v = 0.5/100 (200ml) 
      = 1.0g 
 
1% w/v = 1/100 (200ml) 
   = 2g
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1.5% w/v = 1.5/100 (200ml) 
      = 3g 
 
2% w/v = 2/100 (200ml) 
   = 4g 
 
2.5% w/v = 2.5/100 (200ml) 
      = 5g 
 
2. Calculation for concentration of standard curve solution. 
 
M1V1=M2V2 
500mg/L (V1) = 20mg/L (0.05L) 
             V1 = 2ml phenol stock solution 
 
M1V1=M2V2 
500mg/L (V2) = 40mg/L (0.05L) 
    V2 = 4ml phenol stock solution 
 
M1V1=M2V2 
500mg/L (V3) = 60mg/L (0.05L) 
         V3 = 6ml phenol stock solution 
 
M1V1=M2V2 
500mg/L (V4) = 80mg/L (0.05L) 
         V4 = 8ml phenol stock solution 
 
M1V1=M2V2 
500mg/L (V5) = 100mg/L (0.05L) 
         V5 = 10ml phenol stock solution 
 
 
 
 
